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Description 

This invention relates to stents. It is desirable in various situations that means be provided for 
expanding a constricted vessel portion or for maintaining an open passageway through a vessel portion. «. 
5 Such situations arise, for example, in conjunction with the disease known as arteriosclerosis as well as the 

growth of a tumor so as to restrict or stop flow of blood through a blood vessel. Dr. Charles Dotter et at. w , 
reported in 1969 on the experimental use of coiled stainless steel wire stents placed in the popliteal arteries 
of dogs. Although the coils exhibited long-term patency, narrowing of the lumen occurred within them and 
only small coils could be passed percutaneously. See Dotter CT et al., Transluminally-Placed Coilspring 
10 Endoarterial Tube Grafts , Invest. Radiol., 1969; 4:329-332 1 . Recently, two laboratories reported on the use of 
a prosthesis constructed of a thermal shape memory alloy, nrtinol, which is passed through a catheter. See 
Dotter CT et al., Transluminal Expandable Nitinol Coil Stent Grafting , Radiology, April, 1983; 1 47:259-260 2 , 
and Cragg A. et al., Nonsurgical Placement of Arterial Endoprostheses , Radiology, April, 1983; 147:261- 
263 3 . Such stents can be complicated to use, requiring ice water or heated saline for placement. Also they 
75 have been found to produce luminal narrowing due to fibrin deposition on the stent wires. 

Other references which may have relevance to the present invention are the following U.S. patents: 
Sakura 4,214,587; Alfidi 3,868,956; and Simon 4,425,908; and the Russian patent 978,821; also the following 
publications: C. Gianturco et al., A new vena cava filter experimental animal evaluation, Radiology, 
December, 1980; 137: 835-837*; and M. Simon et al.. A Vena Cava Filter Uiing" Thermal Shape Memory 
20 Alloy , Diagnostic Radiology, 125:89-94, October 1977 s . Still anoth^efeTelncepublication is BTMiass et al., 
Radiology Follow-up of Transluminal Inserted Vascular Endoprostheses: An Experimental Study Using 
Expanding Sprials, Radiology, September, 1984; 152: 659-663. 

US-A-1 672591 relates to a resilient nostril dilator formed from a single length of wire bent into a 
configuration consisting of a number of bends joined by straight sections. 
25 DE-C-150127 describes a dilator for the uterus consisting of a plurality of rods hinged together in a 
closed zig-zag configuration and expandible by an external actuating means. 

Objects of the invention are to provide a stent which is easy to place and use and that reduces flow 
defects, luminal narrowing and occlusion. 

This invention provides a stent comprising a single length of wire formed into a closed zig-zag 
30 configuration consisting of an endless series of straight sections joined by a plurality of bends, wherein the 
stent is resiliently depressible into a smaller first shape in which all of the straight sections are arranged 
side-by-side and closely adjacent one another for insertion into a passageway with the bends having a 
stress therein, and wherein the stent is resiliently expandable by release of said stress into a second shape 
in which all of the straight sections define a generally circular or cylindrical configuration for pressing 
$5 against the wall of the passageway to maintain it open. 

We also provide a combination of such a stent and a tubular cartridge having said stent therein, said 
stent being resiliently depressed into said smaller first shape. 

This combination may additionally comprise a sheath having a lumen therethrough, said sheath having 
an adapter recess arranged coaxiaily with said lumen and enlarged in size relative to said lumen, and 
40 flexible member having a closed end and having an outer size sufficiently small to fit within said sheath yet 
sufficiently large to push said stent out of said sheath. 

The wire is preferably of stainless steel with an O.D. of 0.046 cm (0.018 inches). In its second shape 
the stent is preferably either 5.5cm long and 4 cm in diameter, or 3.0 cm long and 2.5 cm in diameter. 
The bends are preferably relatively sharp and are at a radius of preferably no more than 0.2 cm. 
45 Stents embodying the invention and uses to which they may be put will now be described by way of 
example and with reference to the accompanying drawings, in which: 

FIG. 1 is a side elevation of a preferred embodiment of the present invention. 
FIG. 2 is an end elevation of the structure of FIG. 1 . 

FIG. 3 is a section through a blood vessel showing a tumor reducing the size of the blood vessel, 
so FIG. 4 is a view similar to FIG. 3 showing one of the steps of the method of inserting the stent of the 

present invention. - 

FIGS. 5 and 6 are serial views showing further steps in the method illustrated in FIG. 4. 

FIG. 7 is a view similar to FIG. 6 showing three stents having been placed in the blood vessel in accord 

with another embodiment of the invention. * 
55 FIG. 8 is a view similar to FIGS. 6 and 7 showing four stents being placed in a blood vessel in 

overlapping fashion, in accordance with a further embodiment of the method of the present invention. 

FIG. 9 is a side elevation of a sheath used in the method of inserting the stent of the present invention. 

FIG. 10 is a sectional view of the proximal end of the sheath showing the stent being placed into the 
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sheath as a part of the method of inserting the stent of the present invention. 

Referring now more particularly to the drawings, there is illustrated in FIG. 1 a side elevation of a 
preferred embodiment of the stent 9 of the present invention which includes a length 10 of stainless steel 
wire formed in a closed zig-zag configuration. The wire is closed by a sleeve 1 1 which is welded to or 

s tightly squeezed against the ends of the wire to produce the endless configuration. Referring to FIG. 4, the 
stent is shown in a resiliently compressed first shape wherein the straight sections 12 are arranged side-by- 
side and closely adjacent one another. 

The straight sections 12 of the stent are joined by bends 13 which are relatively sharp. Thus, in one 
specific embodiment of the invention, the bends 13 are at a radius of no more than 0.2 cm. This specific 

10 embodiment of the invention includes wire 10 which is stainless steel of 0.046 cm (0.018 inches) O.D. The 
stent is resiliently expandable from the compressed first shape of FIG.4 into a second shape illustrated in 
FIGS.1, 2 and 6, wherein the straight sections 12 press against the walls of passageway to maintain the 
passageway open. FIG.2 shows the end view of the stent in its expanded second shape. As illustrated in 
FIG. 2, the stent has generally a circular configuration or a cylindrical configuration when it is in its second 

75 expanded shape. 

In order to practice the method of inserting the stent of this invention, the stent is compressed into the 
first shape illustrated in FIG. 10 and is placed within a tubular cartridge 15 (FIG. 10). The cartridge 15 is 
inserted into the recess 16 in the adapter 17 of the sheath 20. The stent is then advanced through the 
sheath 20 by means of a flat-ended pusher 21. Thus in one specific embodiment of the invention, the flat- 

20 ended pusher was made of 8 French polyethylene tubing, although a flat-ended flexible metal rod is 
preferred. When the stent 10 reaches the end of the sheath as shown in FIG. 4, the flat-ended pusher is 
held while the sheath is withdrawn as shown in FIG. 5. This frees the stent, allowing it to expand and hug 
the vessel wall as shown in FIG. 6. If desired and if necessary for the particular situation, further stents can 
be added and can be placed in the blood vessel in the same fashion as above described. Thus in FIG. 7, an 

25 additional two stents are located one longitudinally of the first stent in the blood vessel and the other 
overlapping the first stent while in RG. 8, four overlapping stents are used. 

In tests of the invention, endovascular stents were designed and built in two sizes (5.5 cm long x 4 cm 
diameter fully expanded; 3.0 cm long x 2.5 cm diameter fully expanded) from stainless steel wire 0.046 cm 
(0.018 inches) formed in a zig-zag pattern. They were placed for varying periods of time in the jugular vein, 

30 inferior vena cava and abdominal aorta of five dogs (see Table I below) and evaluated with regard to ease of 
use, dilating force, migration, patency, thrombogenicity, and local vascular changes. 

Five adult, mongrel dogs (18-27 kg) were used in the study. They were anesthetized with i.v. sodium 
pentobarbital (Nembutal; 30 mg/kg) and the jugular vein, femoral vein, and femoral artery were surgically 
Isolated. An incision was made in the vessels and a 8 French Teflon sheath containing an 8 French Teflon 

35 catheter with a taper-tip was inserted and under fluoroscopic monitoring advanced just beyond the area of 
interest. The stent was compressed and placed within a Teflon cartridge which fits inside the adaptor of the 
8 French sheath. The 8 French catheter was removed, the cartridge was placed in the sheath adaptor, and 
the stent was advanced through the sheath with flat-ended 8 French polyethylene tubing. When the stent 
reached the end of the sheath, the polyethylene tubing was held while the sheath was withdrawn. This freed 

40 the stent allowing it to expand and hug the vessel wall. In certain cases, stents were placed one inside 
another and/or one after another (Table I). Following placement, angiograms were made immediately, after 
one week, and then at monthly intervals to document stent position and vascular anatomy. The dogs were 
euthanized at the end of the study by exsanguination under deep Nembutal anesthesia, and a complete 
necropsy was performed. 

45 
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TAULE I: Summary of vascular stent placement In rive dogs* 

Dog # Stent Size Vascular Placement Duration 
(Wt) (Number Used) 

416 5.5 cm Two placed one Inside the other In 1 month 

(5) abdominal aorta (AA) bridging the 

celiac, cranial mesenteric! and right 
renal arteries 

Two placed one inside the* other in 
superior vena cava (SVC) at level 
of right atrium 

One placed in the inferior vena 
cave (1VC) bridging both renal veins 



3,0 One placed in right jugular 8 cm 

above SVC, and 
(3) two placed one inside the other in left 

jugular 8 cm above sve 



355 5.5 One placed in AA bridging the 3 months 

celiac, cranial mesenteric, and 
'right renal arteries 

Two placed one inside the other in IVC 
bridging both renal veins 

3.0 Two placed one inside the other in SVC 

(3) at level of right atrium, and one 

placed 2,3 cm above the right atrium 



354 5.5 One placed in AA bridging the 4 months 

(2) cranial mesenteric and both 
renal arteries 

One placed in IVC bridging both 
renal veins 

505 5,5 Four placed one after another in AA 5 months 

(5) beginning at diaphragm (Til) and 

ending at L5 

One placed in IVC at level of diaphragm 

3J One pieced inside last long stent in AA 

(3) at level of L4-L5 

Two placed one after another in 

IVC between the hepatic and renal veins 



No difficulties were encountered in the placement of the endovascular stents. They were easy to use 
and could be placed one inside another and/or one after another The expansile strength of the stents was 
found to be dependent on stent length, diameter of stent wires, the number of folds in the wire of each 
stent, and the number of stents placed one inside another. Specifically, expansile force increased with 
decreased length, increased stent wire diameter, increased number of wire folds, and increased number of 
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stents used. 

Angiograms made of the stented vessels showed no flow defects, luminal narrowing, or occlusion. 
Blood vessels bridged by the stents remained patent and showed no indication of narrowing even after six 
months. No migration was noted with 29 of the 30 stents placed. One long stent (5.5 cm) placed alone in 

5 the inferior vena cava migrated approximately 2 cm cranially during the first week following placement, but 
no further movement occurred and no complications were encountered because of this migration. 

Postmortem examinations showed the endothelial proliferation occurred around the stents where the 
wires contacted the vessel wall. By four weeks following placement, venous stents were almost completely 
(80%) covered by cell growth while aortic stents were just beginning (30%) to be incorporated. By 12 

w weeks, all stents were covered with endothelium where the wires contacted the vessel wall. No growth was 
noted on wire segments that bridged side branches even after 6 months. In addition, no erosion of the 
vascular walls was noted, and no clot formation was seen on any of the stents. 

Percutaneous expandable endovascular stents can be made of various diameters and lengths from 
stainless steel wire formed In a zig-zag pattern. They are easy to place percutaneously in veins and arteries 

is and do not require the use of ice water or hot saline as do nltinol coils (2, 3). The dilating force of the stent 
can be controlled by manipulation of wire size, number of wire folds, and stent length. Expansion force 
increases with larger wire, but so does the size of the collapsed stent which necessitates use of a larger 
sheath for placement. Increasing the number of wire folds and decreasing the stent length also increase the 
dilating force. Therefore, stainless steel vascular stents can be tailor-made with regard to length, diameter, 

20 and expansion force. 

Multiple stents can be employed depending on the circumstance. If the vessel of interest Is longer than 
one stent, several stents can be placed one after another with slight overlap at the ends. In addition, if the 
expansion strength of one stent is not sufficient, several stents can be placed one inside another to increase 
the dilating force at a specific point. 

25 Following placement in a blood vessel, the stent gradually becomes incorporated into the vascular wall 
by endothelial proliferation around the wires where they contacted the wall. This is similar to what has been 
noted in other studies where metal wire has been placed in the vascular system (2, 3, 4). Radiographic 
studies indicated that by one week after placement of the stent, sufficient endothelial proliferation had 
occurred to prevent migration, but during this first week, displacement was possible although not probable. 

30 After being in place for one month, the venous stents were approximately 80% encased by endothelium 
while the aortic stents were only about 30% encased. This difference is probably due to the greater flow 
and pressure in the aorta. By three months, all stent wires contacting the vessel wall were completely 
encased in endothelium. This incorporation into the vascular wall reduces thrombogenicity (3), but no clot 
was found even on the bare wires after 6 months. No cell growth was noted on any of the wire segments 

35 not in contact with the vascular wall, e.g., where stents bridged side branches. This observation corresponds 
with previous reports on the use of endovascular stainless steel wires (4). Therefore, the stents can bridge 
other vessels without occluding them or producing luminal narrowing at the branch points. This has not 
been reported for other types of endovascular stents (2, 3). Thus it appears that the stainless steel stents 
can be placed anywhere in the vascular system that will accomodate them. No luminal narrowing was noted 

40 in the stented vessels even after six months. This differs from the nitinol endovascular stents which have 
been shown to product luminal narrowing within 4 weeks due to fibrin deposition on the stent wires (1, 2, 3). 

No clot formation was found on any of the stents at the time they were removed. This is similar to 
previously reported results (2, 3). No vascular erosion was seen probably because the vessels were normal 
and able to expand thus reducing the force of the stent wires against the vacular wall. 

45 Results from this evaluation indicate that these stents should find various clinical applications. These 
may include re-establishment of flow in veins compressed by neighboring tumor (superior vena cava 
syndrome), maintenance of vascular patency after percutaneous balloon dilations, and correction of 
incomplete, long, irregular vascular stenosis. In additon, it may be possible to use these stents in other 
systems such as the respiratory, biliary, and urinary tracts to reinforce collapsing structures from extrinsic 

so compression from neoplasm, maintain the dilatation of a balloon dilated segment of ureter, urethra, or 
bowel, aortic dissection, aortic aneurysm, and localization of a chronic puncture site. 

Claims 

55 1. A stent (9) comprising a single length of wire formed into a closed zig-zag configuration consisting of 
an endless series of straight sections (12) joined by a plurality of bends (13), wherein the stent is 
resiliently depressible into a smaller first shape in which all of the straight sections are arranged side- 
by-side and closely adjacent one another for insertion into a passageway with the bends having a 
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stress therein, and wherein the stent is resiliency expandable by release of said stress into a second 
shape in which all of the straight sections define a generally circular or cylindrical configuration for 
pressing against the wall of the passageway to maintain it open. 

5 2. In combination, the stent of Claim 1 and a tubular cartridge (15) having said stent (9) therein, said stent 
being resiliency depressed into said smaller first shape. 

3. The combination of Claim 2 additionally comprising a sheath (20) having a lumen therethrough, said 
sheath having an adapter recess arranged coaxially with said lumen and enlarged in size relative to 

70 said lumen, and flexible member (21) having a closed end and having an outer size sufficiently small to 
fit within said sheath yet sufficiently large to push said stent (9) out of said sheath. 

4. The stent of Claim 1 wherein said wire is stainless steel of 0.046 cm (0.018 inches) O.D. 

is 5. The stent of Claim 4 wherein said stent in its second shape is 5.5 cm long and 4 cm In diameter. 

6. The stent of Claim 4 wherein said stent in Its second shape is 3.0 cm long and 2.5 cm in diameter. 

7. The stent of Claim 4 wherein said bends are relatively sharp and are at a radius of no more than 0.2 
20 cm. 

Revendlcatlons 

1. Ecarteur (9) comprenant un seul trongon de fil m&allique ayant une configuration sinueuse fermee 
25 constituS d'une sSrie sans fin de trongons rectilignes (12) relies par plusieurs coudes (13), I'ecarteur 

pouvant etre replie 6lastiquement a une premiere configuration de petite dimension dans laquelle tous 
les trongons rectilignes sont places c6te h c6te et trds prds les uns des autres afin que I'ecarteur 
puisse §tre introduit dans un passage alors que les coudes sont soumis & une contrainte, l'6carteur 
pouvant se dilater Slastiquement par suppression de la contrainte et prenant une seconde configuration 
30 dans laquelle tous les trongons rectilignes d£limitent une configuration circulaire ou cylindrique de 
fagon g6n£rale afin que PScarteur repousse la paroi du passage et maintienne celui-ci sous forme 
ouverte. 

2. En combinaison, I'ecarteur de la revendication 1 et une cartouche tubulaire (15) dans laquelle est place 
35 rdcarteur (9), I'ecarteur etant replie elastiquement a sa premidre configuration de petite dimension. 

3. Combinaison selon la revendication 2, comprenant en outre une gaine (20) ayant une ouverture la gaine 
ayant une cavlte d'adaptateur disposes coaxialement k I'ouverture et de dimension agrandte par 
rapport & la lumiere, et un organe flexible (21) ayant une extremite fermee et dont la dimension externe 

40 est suffisamment petite pour qu'il se loge dans la gaine mais suffisamment grande pour qu'il puisse 
repousser I'ecarteur (9) en-dehors de la gaine. 

4. Ecarteur selon la revendication 1, dans lequel le fil mStallique est formg d'acier Inoxydable et a un 
diametre externe de 0,046 cm (0,018 pouce). 

45 

5. Ecarteur selon la revendication 4, dans lequel I'ecarteur, lorsqu'il a sa seconde configuration, a une 
longueur de 5,5 cm et un diam&tre de 4 cm. 

6. Ecarteur selon la revendication 4, dans lequel, lorsqu'il a sa seconde configuration, I'ecarteur a une 
so longueur de 3,0 cm et un diamdtre de 2,5 cm. 

7. Ecarteur selon la revendication 4, dans lequel les coudes sont relativemerrt aigus et ont un rayon qui ne 
ddpasse pas 0,2 cm. 

55 AnsprUche 

1. Stent (9) bzw. medizinisches Gerat zur Gefaflaufweitung, aufweisend ein Einzeldrahtstuck, welches in 
eine geschlossene Zickzack-Gestalt geformt ist, die aus einer endlosen Aneinanderreihung von geraden 
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Abschnitten (12) gebitdet ist, die Uber eine Mehrzahl von Biegungen oder Biegestellen (13) verbunden 
sind, wobei der Stent in eine erste, kletnere Gestatt nachgiebig zusammendruckbar ist, in welcher alie 
geraden Abschnitte zwecks Einfuhrung in einen Durchgang seitlich nebeneinanderliegend und dicht zu 
einander benachbart angeordnet sind, wobei die Biegestellen unter Spannung stehen, und wobei der 
5 Stent durch Freigabe der Spannung in eine zweite GestaJt nachgiebig aufweitbar ausgebildet 1st, in 
welcher aJle geraden Abschnitte einen im wesentlichen kreisformigen oder zylindrischen Aufbau zwecks 
Anpressung gegen die Wand des Durchganges festlegen, um diesen offen zu halten. 

2. Kombination eines Stents nach Anspruch 1 und einer rohrformigen den Stent (9) enthaltenden Patrone 
io (15), wobei der Stent in seine erste, kleinere Gestalt elastisch zusammengedrtickt ist. 

3- Kombination nach Anspruch 2, zusatzlich aufweisend einen Mantel (20) mlt einem durch ihn hindurch- 
gehenden Durchgang, wobei der Mantel eine Adapterausnehmung aufweist, die koaxial zu dem 
Durchgang und in ihrer Gro/te im Vergleich zum Durchgang grofler ausgebildet ist, und aufweisend 
75 einen flexiblen Teil (21), der ein abgeschlossenes Ende und eine au/tere Gro/te aufweist. die ausrei- 
chend klein, damit er in den Mantel pa/3t, jedoch ausreichend grofl ist, um den Stent (9) aus dem 
Mantel herauszusto/ten. 

4. Stent nach Anspruch 1, dadurch gekennzeichnet, dafl der Draht aus rostfreiem Stahl mit einem 
20 Durchmesser von 0,046 cm (0,018 inches) besteht. 

5. Stent nach Anspruch 4, dadurch gekennzeichnet, dai? der Stent in seiner zweiten Gestatt 5,5 cm lang 
ist und einen Durchmesser von 4 cm hat. 

25 6. Stent nach Anspruch 4, dadurch gekennzeichnet, dafl der Stent in seiner zweiten Gestalt 3 cm lang ist 
und einen Durchmesser von 2,5 cm hat. 

7. Stent nach Anspruch 4, dadurch gekennzeichnet, dafl die Biegestellen relativ spitzwinklig ausgebildet 
sind und einen Radius von nicht mehr als 0,2 cm aufweisen. 

30 
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